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(54) Refrigerator and nnethod of controlling the same 

(57) The present invention provides a refrigerator 
adapted to carry out the cooling of a refrigeration cham- 
ber (4) and freezing chambers (6,7) efficiently with a 
proper amount of refrigerant as the balance between the 
amount of refrigerant in an R evaporator (10) and that 
thereof in an F evaporator (12) is maintained. In this re- 
frigerator, a compressor (15), a condenser (21) and a 
change-over valve (22) are connected in order, and the 
R evaporator (10) and F evaporator (12) are parallel- 
connected to this change-over valve (22) via respective 
restriction mechanisms (23,24). The evaporators 
(10,12) are provided therein with a fan (11) for cooling 
the refrigeration chamber (4) and a fan (13) for cooling 
the freezing chamber (6,7) respectively for circulating 
cold air in the corresponding chambers. A refrigeration 
mode cooling operation for the refrigeration chamber (4) 
and a freezing mode cooling operation for the freezing 
chambers (6.7) are carried out alternately by switching 
the connection of a refrigerant flow passage to the evap- 
orator in one side chamber and the connection thereof 
to the evaporator in the other side chambers from one 
to the other alternately by the change-over valve (22). 
A freezing mode starting operation for starting the re- 
frigerator from a freezing mode is carried out after the 
temperatures in the refrigeration chamber (4) and freez- 
ing chambers (6,7) decreases to a level lowerthan a set 
level to cause the compressor (1 5) to be stopped, or af- 
ter a defrosting operation is carried out. 
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Description 

Detailed Description of the Invention: 

[0001] This invention relates to a refrigerator provided 
with an evaporator and a cooling fan in each of a refrig- 
eration chamber and freezing chambers thereof; and a 
method of controlling the same. 

[0002] In general, a refrigerator forms a refrigerating 
cycle in which a refrigerant discharged from a compres- 
sor flows through a condenser, a restriction mechanism 
(capillary tube) and an evaporator, and then returns to 
the compressor. In such a refrigerator, plural chambers 
of different temperatures are cooled with one evapora- 
tor. 

[0003] In recent years, a refrigerator which is provided 

with evaporators connected to a refrigeration chamber 
and a freezing chamber via respective capillary tubes of 
an arbitrary diameter and which is adapted to alternate- 
ly take a refrigeration mode for cooling the refrigeration 
chamber and a freezing mode for cooling the freezing 
chamber by switching the connection of a refrigerant 
flow passage to one of these chambers to the connec- 
tion thereof to the other thereof, and vice versa, and 
thereby alternately cool these chambers; and control 
evaporation temperatures in these chambers to be at 
levels suitable for temperature zones for these cham- 
bers by varying a rotational frequency of the compressor 
has been proposed (Japanese Patent Laid-Open No 
173729/1 999). 

[0004] Namely, a flow of the refrigerant discharged 

from the compressor is controlled selectively so that the 
flow of the refrigerant advances to a refrigeration capil- 
lary tube connected to the evaporator in the refrigeration 
chamber via a three-way valve, or to a freezing capillary 
tube connected to the evaporator in the freezing cham- 
ber via the same valve. 

[0005] An accumulator and a check valve are con- 
nected to an outlet of the evaporator in the freezing 
chamber, and a pipe provided with the accumulator and 
check valve meets a pipe extending from an outlet of 
the refrigeration chamber, the resultant pipe returning to 
the compressor 

[0006] In such a refrigerator as mentioned above, 
each chamber can be cooled at a temperature suitable 
for carrying out an evaporation operation therein, so that 
a high efficiency of a refrigerating cycle can be obtained. 
[0007] Since the pressure in each evaporator during 
this time depends upon the temperature therein, the 
pressure in the evaporator (which will hereinafter be re- 
ferred to as R evaporator) in the refrigeration chamber 
becomes higher than that in the evaporator (which will 
hereinafter be referred to as F evaporator) in the freez- 
ing chamber 

[0008] Therefore, in the refrigerator proposed in the 

above publication, the check valve is provided in the 
pipe on the side of the outlet of the freezing chamber 
and, in a freezing mode, the check valve is closed by 



utilizing a difference between the pressure in the freez- 
ing chamber and that in the refrigeration chamber a low- 
temperature refrigerant being thereby stored in the F 
evaporator Accordingly, when the connection of the re- 
5 frigerant flow passage is switched to the connection 
thereof to the freezing chamber the stored refrigerant 
is circulated, so that an efficient cooling operation can 
be carried out. 

[0009] However when the compressor is stopped, a 

10 high-temperature refrigerant in a condenser flows into 
the evaporator communicating with the check valve , and 
the temperature in the evaporator necessarily increas- 
es. Namely, when the compressor is stopped in a freez- 
ing mode, the high -temperature refrigerant in the con- 

15 denser flows into the R evaporator via a change-over 
valve, and the temperature in the F evaporator increasT 
es- When the compressor is stopped in a refrigeration 
mode, the temperature in the R evaporator increases. 
Consequently, the balance between the temperature, 

20 pressure and amount of refrigerant in the F evaporator 
and those in the R evaporator comes to be lost, so that 
a refrigerant the amount of which is larger than that 
thereof in the R evaporator during a chamber cooling 
operation comes to reside therein. 

25 [0010] After the defrosting of the F evaporator, a still 
larger amount of refrigerant flows toward the F evapo- 
rator and resides therein. 

[001 1 ] When the compressor in this condition is start- 
ed in a refrigeration mode, the refrigerant in the P evap- 
30 orator is not evaporated, and a liquid back flow, I.e., a 
back flow of refrigerant In a liquid state to the compres- 
sor occurs. This causes not only a more than necessary 
input increase but also a failure of the compressor 
[0012] In the structure of the refrigerating cycle In 

35 which the evaporators are parallel-connected in the 
above-described refrigerator, a refrigerant is made to 
flow selectively to one of the two evaporators, so that 
the cooling of the refrigeration chamber and freezing 
chamber can be done alternately only. 

40 [0013] Therefore, when the refrigeration chamber and 
freezing chamber are not cooled, for example, at the 
time of energization of a power source, it is not possible 
to cool both of these chambers speedily. 
[001 4] Moreover, when the interior of these chambers 

45 is not in a cooled condition., a load is large. Therefore, 
unless the cooling capacity is controlled, a refrigerant 
circulation rale increases, and a condensation temper- 
ature becomes high. This causes a load to be imparted 
to the refrigerating cycle 

50 [0015] The present invention has been made in view 
of the above-mentioned circumstances, and provides a 
refrigerator adapted to cool a refrigeration chamber and 
freezing chambers efficiently with a proper amount of 
refrigerant as the balance between the refrigerant resid- 

55 ing an R evaporator and that residing in an F evaporator 
is maintained. 

[001 6] The present invention further provides a refrig- 
erator capable of cooling a refrigeration chamber and 
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freezing chambers alternately and suitably by control- 
ling the cooling capacity of the refrigerator so that an 
excessive load is not imparted to a refrigerating cycle at 
the time of energization of a power source. 
[001 7] According to the Invention as set forth In Claim 

1 , Is provided a refrigerator having a refrigerating cycle 
including a compressor, a condenser and a change-over 
valve which are connected in order, and an evaporator 
in a refrigeration chamber and an evaporator in freezing 
chambers which are parallel-connected to the change- 
over valve via respective restriction mechanisms, the 
evaporatorsbeingprovrdedtherein with afan for cooling 
a refrigeration chamber and a fan for cooling freezing 
chambers which are adapted to circulate cold air in the 
respective chambers, the refrigerator being capable of 
alternately taking a refrigeration mode for cooling the 
refrigeration chamber and a freezing mode for cooling 
the freezing chambers, by switching the connection of 
a refrigerant flow passage to the evaporator in the re- 
frigeration chamber and the connection thereof to the 
evaporator in thefreezing chambers from one to the oth- 
er alternately, characterized in that a controller of the 
refrigerator is adapted to carry out a freezing mode start- 
ing operation for starting the refrigerator from a freezing 
mode after a difference between a temperature in the 
refrigeration chamber and that in the freezing chambers 
decreases to a level lower than a set level to cause the 
compressor to be stooped or after a defrosting operation 
is carried out. 

[0018] According to the invention as set forth in Claim 

2, is provided the refngerator of Claim 1 , characterized 
in that the controller is adapted to switch the freezing 
mode to a refrigeration mode when the compressor is 
started in accordance with a demand for a refrigeration 
mode cooling operation, after the chamber cooling op- 
eration is carried out for a predetennined period of time 
by a freezing mode starting operation. 

[0019] According to the invention as set forth in Claim 

3, is provided the refrigerator of Claim 2, characterized 
in that the controller Is adapted to set the time during 
which the freezing mode chamber cooling operation is 
carried out to such a level that decreases in inverse pro- 
portion to a rotational frequency of the compressor. 
[0020] According to the invention as set forth in Claim 

4, is provided the refrigerator of Claim 1 , characterized 
in that the controller is adapted to operate the cooling 
fan in the refrigeration chamberfor a predetermined pe- 
riod of time during a freezing mode starting operation 
when the compressor is started In accordance with a 
demand for a refrigeration mode cooling operation. 
[0021] According to the invention as set forth in Claim 

5, is provided the refrigerator of Claim 4, characterized 
in that the controller is adapted to set the time during 
which the cooling fan in the refrigeration chamber is op- 
erated synchronous with that during which a freezing 
mode starting operation is carried out. 

[0022] According to the invention as set forth in Claim 

6, is provided the refrigerator of Claim 4, characterized 



in that the controller is adapted to stop the operation of 
the cooling fan in the refrigeration chamber when a tem- 
perature detected by a sensor for detecting a tempera- 
ture in the evaporator in the refrigeration chamber in- 
5 creases to a predetemnined level. 

[0023] According to the invention as set forth in Claim 

7, is provided the refrigerator of Claim 1 to Claim 6, char- 
acterized in that the refrigerant used for the refrigerating 
cyple is an inflammable refrigerant. 

10 [0024] According to the invention as set forth in Claim 

8, is provided a method of controlling a refrigerator hav- 
ing a refrigerating cycle including a compressor, a con- 
denser and a change-over valve which are connected 
in order, an evaporator in a refrigeration chamber and 

^5 an evaporator in freezing chambers which are parallel- 
connected to the change-over valve via respective re- 
striction mechanisms^ and a fan for cooling the refriger- 
ation chamber and a fan for cooling the freezing cham- 
bers which are provided in these evaporators and adapt- 
20 ed to circulate cold air in the respective chambers, the 
refrigerator being capable of alternately taking a refrig- 
eration mode for cooling the refrigeration chamber and 
a freezing mode for cooling the freezing chambers, by 
switching the connection of a refrigerant flow passage 
25 to the evaporator in the refrigeration chamber and the 
connection thereof to the evaporator in the freezing 
chambers from one to the other alternately, character- 
ized in that the method Includes the step of carrying out 
a freezing mode starting operation for starting the refrig- 
30 erator from a freezing mode after a difference between 
a temperature in the refrigeration chamber and that in 
the freezing chambers decreases to a level lower than 
a set level to cause the compressor to be stopped or 
after a defrosting operation is carried out. 
35 [0025] According to the invention as set forth in Claim 

9, is provided the method of controlling a refrigerator of 
Claim 8, characterized in that the freezing mode is 
switched to a refrigeration mode when the compressor 
is started in accordance with a demand for a refrigera- 

4t> tion mode cooling operation, after the chamber cooling 
operation is carried out for a predetermined period of 
time by a freezing mode starting operation. 
[0026] According to the invention as set forth in Claim 

10, is provided the method of controlling a refrigerator 
45 of Claim 9. characterized in that the time during which 

the freezing mode chamber cooling operation is carried 
out is set to such a level that decreases in inverse pro- 
portion to a rotational frequency of the compressor. 
[0027] According to the invention as set forth in Claim 

50 11 , is provided the method of controlling a refrigerator 
of Claim 8, characterized in that the cooling fan in the 
refrigeration chamber is operated for a predetermined 
period of time during a freezing mode starting operation 
when the compressor is started in accordance with a 

55 demand for a freezing mode cooling operation. 

[0028] According to the invention as set forth in Claim 
12, is provided the method of controlling a refrigerator 
of Claim 11 , characterized in that the time during which 
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the cooling fan In the refrigeration chamber Is operated 
is set synchronous with that during which a freezing 
mode starting operation is carried out. 
[0029] According to the invention as set forth in Claim 

13, Is provided the method of controlling a refrigerator 
of Claim 11 , characterized in thai the operation of the 
cooling fan in the reFrigeration chamber is stopped when 
a temperature detected by a sensor adapted to detect 
the temperature In the evaporator in the refrigeration 
chamber increases to a predetermined level. 

[0030] According to the invention as set forth in Claim 

14, is provided the method of controlling a refrigerator 
of Claim 8 to Claim 13, characterized in that the refrig- 
erant used for the refrigerating cycle Is an inflammable 
refrigerant. 

[0031 ] According to the invention as set forth in Claim 

1 5 , is provided a refrigerator having a refrigerating cycle 
including a compressor, a condenser and a change-over 
valve which are connected In order an evaporator in a 
refrigeration chamber and an evaporator in freezing 
chambers which are parallel-connected to the change- 
over valve via respective restriction mechanisms, and a 
fan for cooling the refrigeration chamber and a fan for 
cooling the freezing chambers which are provided in 
these evaporators and adapted to circulate cold air in 
the respective chambers, the refrigerator being adapted 
to alternately take a refrigeration mode for cooling the 
refrigeration chamber and a freezing mode for cooling 
the freezing chambers, by switching the connection of 
a refrigerant flow passage to the evaporator in the re- 
frigeration chamber and the connection thereof to the 
evaporator in the freezing chambers from one to the oth- 
er alternately, characterized in that a controller of the 
refrigerator Is adapted to carry out a freezing mode cool- 
ing operation at the time of energization of a power 
source, and thereafter switch the freezing mode and a 
ref riger-ttion mode from one to the other alternately eve- 
ry time ..:\e temperatures in the freezing chambers and 
refrigeration chamber decrease by predetermined lev- 
els, and that a control operation in this case is carried 
out from a non-cooling condition which is finished with 
the temperature in the refrigeration chamber higher than 
that in the freezing chambers. 

[0032] According to the invention as set forth in Claim 

16, is provided a refrigerator having a refhgerating cycle 
including a compressor, acondenser and a change-over 
valve which are connected in order, an evaporator In a 
refrigeration chamber and an evaporator in a freezing 
chambers which are parallel-connected to the change- 
over valve via respective restriction mechanisms, and a 
fan for cooling the refrigeration chamber and a fan for 
cooling the freezing chambers which are provided in 
these evaporators and adapted to circulate cold air in 
the respective chambers, the refrigerator being adapted 
to alternately take a refrigeration mode for cooling the 
refrigeration chamber and a freezing mode for cooling 
the freezing chambers, by switching the connection of 
a refrigerant flow passage to the evaporator in the re- 



frigeration chamber and the connection thereof to the 
evaporator in the freezing chambers from one to the oth- 
er alternately, characterized in that a controller of the 
refrigerator is adapted to carry out a freezing mode cool- 

5 ing operation at the time of energization of a power 
source, and thereafter switch the freezing mode and a 
refrigeration mode from one to the other alternately eve- 
ry time a predetermined period of time elapses, and that 
a control operation in this case is carried out from a non- 

10 cooling condition which is finished with the temperature 
In the refrigeration chamber higher than that in the freez- 
ing chamber 

[0033] According to the invention as set forth in Claim 

17, Is provided the refrigerator of Claim 15 and Claim 
15 16, characterized in that the controller is adapted to ro- 
tate when the fan for cooling the refrigeration chamber 
and the fan for cooling the freezing chambers are pro- 
vided, the fan for cooling the refrigeration chamber or 
the fan for cooling the freezing chambers with a low ro- 

20 tational frequency when a difference between an actual 
temperature in the refrigeration chamber and a final tar- 
get temperature therein is large, or when a difference 
between an actual temperature in the freezing cham- 
bers and a final target temperature therein is large. 

25 [0034] According to the invention as set forth in Claim 

18, is provided the refrigerator of Claim 15 and Claim 
16, characterized in that the controller is adapted to ro- 
tate, when condenser radiation fans are provided, the 
condenser radiation fans with an increased rotational 

30 frequency or a maximum rotational frequency wtien a 
difference between an actual temperature in T"e etrig- 
eration chamber and a final target temperature therein 
is large, or when a difference between an actual tem- 
perature in the freezing chambers and a final target tem- 

35 perature therein is large. 

[0035] According to the invention as set forth in Claim 

19, is provided the refrigerator of Claim 15 and Claim 
16. characterized in that, when the capacity of the com- 
pressor can be varied, the controller is adapted to re- 

40 duce the capacity of the compressor when a difference 
between an actual temperature in the refrigeration 
chamber and a maximum target temperature therein is 
large, or when a difference between an actual temper- 
ature in the freezing chambers and a maximum target 

45 temperature therein is large. 

[0036] According to the invention as set forth in Claim 

20, is provided the refrigerator of Claim 15 and Claim 
16, characterized in that the controller is adapted to 
switch at a point in time at which the temperature in the 

50 refrigeration chamber or that in the freezing chambers 
becomes not higher than a predetermined level, the 
control operation carried out from a non-cooling condi- 
tion to regular alternate control operations. 
[0037] According to the invention as set forth in Claim 

55 21, is provided the refrigerator of Claim 15 and Claim 
16, characterized in that the controller is adapted not to 
carry out when the temperature in the refrigeration 
chamber or the temperature in the freezing chambers is 
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lower than a predetermined level, or when the temper- 
ature of the outside air is lower than a predetermined 
level, the control operation to be executed from the non- 
cooling condition. 

[0038] According to the Invention as set forth In Claim 

22, is provided the refrigerator of Claim 15 and Claim 
16, characterized in that the controller is adapted not to 
carry out an ice making operation, a defrosting operation 
and a rapid cooling operation during the control opera- 
tion executed from the non-cooling condition, but to car- 
ry out the same operations after the control operation 
executed from the non-cooling condition is switched to 
the regular alternate cooling operations. 

[0039] According to the invention as set forth in Claim 

23, is provided the refrigerator of Claim 15 to Claim 22, 
characterized in that a refrigerant used for the refriger- 
ating cycle is an inflammable refrigerant. 

[0040] According to the invention as set forth in Claim 

24, is provided a method of controlling a refrigerator hav- 
ing a refrigerating cycle Including a compressor, a con- 
denser and a change-over valve which are connected 
in order, an evaporator in a refrigeration chamber and 
an evaporator in a freezing chamber which are parallel- 
connected to the change-over valve via respective re- 
striction mechanisms, and a fan for cooling the refriger- 
ation chamber and a fan for cooling the freezing cham- 
bers which are provided in these evaporators and adapt- 
ed to circulate cold air in the respective chambers, the 
refrigerator being adapted to alternately take a refriger- 
ation mode for cooling the refrigeration chamber and a 
freezing mode tor cooling the freezing chambers, by 
switching the connection of a refrigerant flow passage 
to the evaporator In the refrigeration chamber and the 
connection thereof to-the evaporator In the freezing 
chambers from one to the other alternately, character- 
ized in that the method comprises the steps of carrying 
out a freezing mode cooling operation at the time of en- 
ergization of a power source, and thereafter switching 
the freezing mode and a refrigeration mode from one to 
the other alternately every time the temperatures in the 
freezing chambors and refrigeration chamber decrease 
by predetermined levels, a control operation in this case 
being carried out from a non-cooling condition which is 
finished with the temperature in the refrigeration cham- 
ber higher than that in the freezing chambers. 
[0041] According to the invention as set forth in Claim 

25, is provided a method of controlling a refrigerator hav- 
ing a refrigerating cycle Including a compressor, a con- 
denser and a change-over valve which are connected 
in order, an evaporator in a refrigeration chamber and 
an evaporator in freezing chambers which are parallel- 
connected to the change-over valve via respective re- 
striction mechanisms, and a fan for cooling the refriger- 
ation chamber and a fan for cooling the freezing cham- 
bers which are provided in these evaporators and adapt- 
ed to circulate cold air in the respective chambers, the 
refrigerator being adapted to alternately take a refriger- 
ation mode for cooling the refrigeration chamber and a 



freezing mode for cooling the freezing chambers, by 
switching the connection of a refrigerant flow passage 
to the evaporator in the refrigeration chamber and the 
connection thereof to the evaporator in the freezing 

5 chambers from one to the other alternately, character- 
ized in that the method comprises the steps of carrying 
out a freezing mode cooling operation at the time of en- 
ergization of a power source, and thereafter switching 
the freezing mode and refrigeration mode from one to 

10 the other alternately every time a predetermined period 
of time elapses, a control operation in this case being 
carried out from a non-cooling condition which is fin- 
ished with the temperature in the refrigeration chamber 
higher than that in the freezing chambers. 

15 [0042] According to the invention as set forth in Claim 

26, is provided the method of controlling a refrigerator 
of Claim 24 and Claim 25, characterized in that, when 
a fan for cooling the refrigeration chamber and a fan for 
cooling the freezing chambers are provided, the fan for 

20 cooling the refrigeration chamber or the fan for cooling 
the freezing chambers is rotated with a low rotational 
frequency when a difference between an actual temper- 
ature in the refrigeration chamber and a final target tem- 
perature therein is large, or when a difference between 

^5 an actual temperature in the freezing chambers and a 
final target temperature therein is large. 
[0043] According to the invention as set forth in Claim 

27, is provided the method of controlling a refrigerator 
of Claim 24 and Claim 25, characterized in that, when 

30 condenser radiation fans are provided, the condenser 
radiation fans are rotated with an increased rotational 
frequency or a maximum rotational frequency when a 
difference between an actual temperature in the refrig- 
eration chamber and a final target temperature therein 

35 is large, or when a difference between an actual tem- 
perature in the freezing chambers and a final target tem- 
perature therein is large. 

[0044] According to the invention as set forth in Claim 

28, is provided the method of controlling a refrigerator 
40 of Claim 24 and Claim 25, characterized in that, when 

the capacity of the compressor can be varied, the ca- 
pacity of the compressor is reduced when a difference 
between an actual temperature in the refrigeration 
chamber and a maximum target temperature therein is 
45 large, or when a difference between an actual temper- 
ature in the freezing chambers and a maximum target 
temperature therein is large. 

[0045] According to the invention as set forth in Claim 

29, is provided the method of controlling a refrigerator 
50 of Claim 24 and Claim 25, characterized in that the con- 
trol operation carried out from a non-cooling condition 
is switched to regular alternate control operations at a 
point in time at which the temperature in the refrigeration 
chamber or that in the freezing chambers becomes not 

55 higher than a predetemiined level. 

[0046] According to the invention as set fort:h in Claim 

30, is provided the method of controlling a refrigerator 
of Claim 24 and Claim 25, characterized in that the con- 
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trol operation to be executed from the non-cooling con- 
dition is not carried out when the temperature in the re- 
frigeration chamber or the temperature in the freezing 
chambers is lower than a predetermined level, or when 
the temperature of the outside air is lower than a prede- 
termined level. 

[0047] According to the invention as set forth in Claim 

31 , is provided the method of controlling a refrigerator 
of Claim 24 and Claim 25, characterized in that an ice 
making operation, a defrosting operation and a rapid 
cooling operation are not carried out during the control 
operation executed from the non-cooling condition but 
carried out after the control operation executed from the 
non-cooling condition is switched to the regular alter- 
nate cooling operations. 

[0048] According to the invention as set forth in Claim 

32, is provided the method of controlling a refrigerator 
of Claim 24 to Claim 31 , characterized in that the refrig- 
erant used for the refrigerating cycle is an Inflammable 
refrigerant. 

[0049] The inventions as set forth in Claim 1 and 
Claim 8 can prevent the refrigerant residing in the evap- 
orator in the refrigeration chamber from returning in a 
liquid state to the compressor, and enable an efficient 
cooling operation to be carried out with a proper amount 
of refrigerant, and a useless Increase In input to be held 
down. 

[0050] The inventions as set forth in Claim 2 and 
Claim 9 enable a predetermined amount of refrigerant 
to be stored in the evaporator in the freezing chambers, 
and a balance between the amount of refrigerant in the 
evaporator in the refrigeration chamber and that of re- 
frigerant in the evaporator in the freezing chambers to 
be maintained substantially properly, so that a later cool- 
ing operation of a refrigeration mode can be carried out 
efficiently. 

[0051] The inventions as set forth in Claim 3 and 
Claim 10 enable a control operation to be carried out 
easily, and a balance between the amount of refrigerant 
In the evaporator In the refrigeration chamber and that 
of refrigerant in the evaporator in the freezing chambers 
to be maintained properiy irrespective of the rotational 
frequency of the compressor. 

[0052] The inventions as set forth in Claim 4 and 
Claim 11 enable a more than necessary amount of re- 
frigerant residing In the evaporator In the refrigeration 

chamber to be transferred rapidly to the freezing cham- 
bers, so that the time for transferring a cooling operation 
of a freezing mode to a demanded cooling operation of 
a refrigeration mode can be reduced. 
[0053] The inventions as set forth in Claim 5 and 
Claim 1 2 enable a balance of the amounts of refrigerant 
to be maintained by a simple control operation, and the 
time for transferring a cooling operation of a freezing 
mode to a demanded cooling operation of a refrigeration 
mode to be reduced by a simple control operation. 
[0054] The Inventions as set forth in Claim 6 and 
Claim 13 can prevent an input increase ascribed to an 



excessive operation of the cooling fan in the refrigera- 
tion chamber, and reduce by a simple control operation 
just as Claim 5 and Claim 12 the time for transferring a 
cooling operation of a freezing mode to a demanded 

5 cooling operation of a refrigeration mode. 

[0055] The inventions as set forth in Claim 7 and 
Claim 1 4 enable the amount of refrigerant used in each 
of the above inventions to be reduced to a low level, so 
that an inflammable refrigerant may be used safely. 

10 [0056] The inventions as set forth in Claim 1 5 to Claim 
32 enable both the refrigeration chamber and freezing 
chambers to be cooled rapidly by setting a target tem- 
perature in a stepped manner, or by reducing this tem- 
perature every time a predetermined period of time 

15 elapses. 

[0057] Preferred embodiments of the present inven- 
tion will be described in detail with reference to the fol- 
lowing figures, wherein: 

20 Fig. 1 is a sectional view of a refrigerator showing 
a first embodiment of the present invention; 
Fig 2 is a refrigerating cycle of the same refrigera- 
tor; 

Fig. 3 is a time chart showing the condition of tem- 
25 perature variation occurring during an ideal opera- 
tion of the refrigerator; 

Fig. 4 is a time chart showing the condition of tem- 
perature variations occurring in an R evaporator 
and an F evaporator during a defrosting operation; 

30 Fig. 5 is a time chart showing the condition of a suc- 
tion temperature variation occurring in a compres- 
sor during a defrosting operation; 
Fig. 6 is a time chart showing the condition of vari- 
ations of various temperatures occurring when the 

35 cooling operation of a F mode is stopped; 

Fig. 7 is a time chart showing the condition of vari - 
ations of various temperatures occurring when the 
cooling operation of a R mode Is stopped: 
Fig. 8 illustrates temperature variations occurring 

40 during a cooling operation in which the cooling of a 
freezing temperature zone 40 and that of a refriger- 
ation temperature zone 30 are done in a stepped 
manner in a second embodiment; 
Fig. 9 Illustrates temperature variations occurring 

45 during a cooling operation in which the cooling of 
the freezing temperature zone 40 and that of the 
refrigeration temperature zone 30 are done for pre- 
determined periods of time alternately in a third em- 
bodiment; 

50 Fig. 1 0 illustrates a control operation in which a ro- 
tational frequency of a fan for cooling the interior of 

the refrigeration chamber and freezing chambers is 
varied in accordance with the temperatures therein; 
and 

55 Fig. 11 illustrates the condition of the switching of 
an alternate cooling operation to a regular control 
operation in the method according to the present 
invention. 
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<First embodiment> 

[0058] A first embodiment of the present invention will 
now be described in detail with reference to the draw- 
ings. 

(1) Construction of the refrigerator: 

[0059] Fig. 1 is a sectional view of an indirect cooling 
type refrigerator showing a first embodiment. 
[0060] A refrigerator body 1 is formed of an insulating 
case 9 and an inner case 8. The refrigerator body Is di- 
vided into a refrigeration temperature zone 30 and a 
freezing temperature zone 40 by an insulating partition 
wall 2. The refrigeration chamber 30 and freezing cham- 
ber 40 are formed so that the cold air in the former cham- 
ber and that in the latter chamber are completely inde- 
pendent of each other, and not mixed with each other. 
[0061] The interior of the chamber of the refrigeration 
temperature zone 30 is divided into a refrigeration 
chamber 4 and a vegetable chamber 5 by a refrigeration 
partition plate 3 while the interior of the freezing cham- 
ber of the freezing temperature zone 40 is fomried of first 
and second freezing chambers 6, 7, ail of these cham- 
bers having opening and closing doors 51-54. 
[0062] An evaporator (which will hereinafter be re- 
ferred to as an R evaporator) 10 In the refrigeration 
chamber and a fan (which will hereinafter be referred to 
as a R fan) 11 in the refrigeration chamber are provided 
on a rear surface of the vegetable chamber 5, and the 
R fan 11 is operated arbitrarily in accordance with vari- 
ation of a temperature in the refrigeration chamber and 
the opening and closing of the doors. The rear surface 
of the refrigeration chamber 4 constitutes a cold air cir- 
culating passage 1 8 for supplying cold air into the refrig- 
eration temperature zone 30. 

[0063] An evaporator (which will hereinafter be re- 
ferred to as an F evaporator) 12 in the freezing cham- 
bers and a fan (which will hereinafter be referred to as 
a F fan) 13 in the freezing chambers are provided on 
rear walls of the first and second freezing chambers 6, 
7, and cold air is circulated to cool these freezing cham- 
bers 6, 7. 

[0064] Defrosting heaters 60, 62 are provided below 
the R evaporator 1 0 and F evaporator 1 2. 
[0065] A controller 64 adapted to control this refriger- 
ator and formed of a microcomputer is provided on an 
upper portion of the rear surface of the refrigerator body 
1. 

(2) Construction of a refrigerating cycle: 

[0066] Fig 2 shows a refrigerating cycle in which a 
cooting operation of a refrigeration mode and that of a 
freezing mode are alternately carried out. 
[0067] A machine room 14 at a lower portion of the 
rear wall of the refrigerator body 1 is provided therein 
with a compressor 15 and a condenser 21 . 



[0068] A noninflammable refrigerant discharged from 
the compressor 15 flows through the condenser 21 , and 
then refrigerant flow passages are switched from one to 
the other alternately by a refrigerant flow change-over 
5 mechanism formed of a three-way valve 22. 

[0069] A refrigeration capillary tube 23 and R evapo- 
rator 1 0 are connected in orderto one outlet of the three- 
way valve 22, while a freezing capillary tube 24, F evap- 
orator 12 and an accumulator 16 are connected in order 
to the other outlet of the three-way valve 22. 
[0070] A check valve 17 is connected in the machine 
room 1 4 to an outlet pipe of the accumulator 1 6. An out- 
let side portion of the check valve 17 meets an outlet 
pipe of the R evaporator 1 0. and is connected to a suc- 
tion side portion of the compressor 15. 
[0071] According to the refrigerator 1 of such a con- 
struction, the refrigerant flow passages are switched 
from one to the other by the three-way valve 22. During 
a freezing mode cooling operation, the refrigerant is de- 
pressurized in the freezing capillary tube 24, and the re- 
sultant refrigerant enters the F evaporator 1 2 and cools 
the freezing temperature zone 40, the resultant refriger- 
ant returning to the compressor 15. During a refrigera- 
tion mode cooling operation, a refrigerating cycle is 
formed, in which the refrigerant is depressed in the re- 
frigeration capillary tube 23, the resultant refrigerant en- 
tering the R evaporator 10 and cooling the refrigeration 
temperature zone 30, the resultant refrigerant returning 
to the compressor 1 5. 

[0072] Namely, during the freezing mode cooling op- 
eration, the refrigerant flows to the freezing capillary 
tube 24, F evaporator 12, accumulator 16 and check 
valve 1 7 in the mentioned order, and the cold air is cir- 
culated in the freezing chambers by an operation of the 
F fan 13, the cooling of the first and second freezing 
chambers 6, 7 being thereby done. When the three-way 
valve 22 is then shifted to cause the refrigerant flow pas- 
sage to be switched from the freezing mode to the re- 
frigeration mode, the refrigerant flows to the R evapora- 
tor 1 0 to cool the refrigeration chamber 4 and vegetable 
chamber 5 by an operation of the R fan 11 . 

(3) Behavior of the refrigerant: 

[0073] The behavior of the refrigerant will now be de- 
scribed. 

[0074] During a refrigeration mode in the refrigerating 
cycle of Fig. 2, the pressure and temperature in the R 
evaporator 10 are about 0.2 MPa and -10°C, and those 
in the F evaporator 12 about 0.1 MPa and -26°C. The 
condition of the pressures and ideal temperature varia- 
tions in the R evaporator 1 0 and F evaporator 1 2 dunng 
an alternate cooling operation is shown in Fig. 3. 
[0075] Namely, in a refrigeration mode, the pressure 
in the R evaporator 1 0 is higher than that in the F evap- 
orator 12. Owing to this pressure difference, the check 
valve 17 is closed, and a low-temperature refrigerant is 
stored in the F evaporator 12. 
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[0076] When the refrigeration mode is then switched 

to a freezing nnode, a cooling operation can be carried 
out by using this low-temperature refrigerant, i.e., an ef- 
ficient freezing mode cooling operation can be carried 
out without causing a refrigerant delay to occur. 
[0077] Thus, in a regular case, the cooling operations 
are carried out repeatedly as the above-mentioned tem- 
perature and pressure balance is maintained even when 
load variation occurs due to the insertion of food and the 
opening and closing of the doors. 

(4) Condition of the temperature during a defrosting 

operation: 

[0078] The temperature condition in a defrosting op- 
eration in which the frost fonned in the R evaporator 1 0 
and F evaporator 1 2 is melted by the defrosting heaters 
60, 62 will now be described. 

[0079] Fig. 4 shows the variations of the temperatures 
in the R evaporator 10 and F evaporator 12 recorded 
before and after the defrosting of these evaporators is 

done. 

[0080] Usually, the defrosting of evaporators finishes 
when the temperatures therein detected attain prede- 
termined levels. However, since the temperature in the 
R evaporator 10 is higher than that in the F evaporator 
12 with moreover a moistening defrosting operation in 
which the frost is melted by operating the R fan 11 during 
a freezing mode conducted, the defrosting of the R 
evaporator 10 finishes earlier. Accordingly, the temper- 
ature in the F evaporator 12 becomes locally higher. 
[0081] As shown in Fig. 4, a peak of the temperature 
in the F evaporator 12 Is higher than that of the temper- 
ature in the R evaporator 1 0 by around 5°C. In this tem- 
perature condition, the pressure in the F evaporator 12 
becomes higher than that in the R evaporator 10, and 
the refrigerant in the F evaporator 12 flows into the R 
evaporator 1 0, so that the refrigerant comes to reside in 
the R evaporator 10 more than usual. 
[0082] When the compressor 1 5 is started in a refrig- 
eration mode from such a condition in which a large 
amount of refrigerant resides in the R evaporator 10, the 
temperature in a suction portion of the compressor 1 5 
decreases as shown in Fig. 5. Namely, the refrigerant 
cannot be completely evaporated in the R evaporator 
10, and the refrigerant not evaporated returns in the 
form of a liquid refrigerant to the compressor 15. This 
not only causes an input increase to occur but also con- 
stitutes a large cause of a failure of the compressor 15. 

(5) Time of stoppage of the compressor 15: 

[0083] Figs. 6 and 7 show variations of the tempera- 
tures in the evaporators during the time between the 
starting of a freezing mode and a refrigeration mode and 
the stoppage of the compressor 15. 
[0084] When the compressor is stopped, the temper- 
ature in the evaporator which was theretofore on the 



cooling side always Increases because of the high-tem- 
perature refrigerant flowing thereinto. 
[0085] Therefore, in orderto minimize the influence of 

this temperature rise, it is recommended that the stop- 
5 ping of the compressor be done in a refrigeration mode. 

(6) Control method in a first embodiment: 

[0086] The control method practiced by the controller 
10 64 in a first embodiment is started from a freezing mode 
after a defrosting operation is carried out, or when the 
compressor 15 is restarted on the basis of a judgment 
that a temperature rise occurs in the refrigeration cham- 
ber and freezing chambers, irrespective of whether a 
15 demand is made by the refrigeration side or by the freez- 
ing side. 

[0087] As shown in Figs. 4 and 5, when the tempera- 
ture in the R evaporator 1 0 and that in the F evaporator 
1 2 are reversed or when a difference between these 

20 temperatures becomes small, the balance between the 
amount of refrigerant in the R evaporator 10 and that 
thereof in the F evaporator 1 2 comes to be tost as well 
as when the compressor 1 5 is stooped. 
[0088] In both the cases of Figs. 6 and 7, the com- 

25 pressor 1 6 is started in a freezing mode. However when 
the compressor 15 is started in a refrigeration mode in 
the condition in which a difference between the temper- 
ature in the R evaporator 1 0 and that in the F evaporator 
1 2 is small with a large amount of refrigerant residing in 

30 the R evaporator 10 as shown in Fig. 5. the refrigerant 
cannot be completely evaporated, and the refrigerant 
not evaporated returns in a liquid state to the compres- 
sor 15. 

[0089] Therefore, even when the compressor 1 5 is re- 

35 Started in accordance with a demand for a cooling op- 
eration made when the temperature in the chamber of 
a refrigeration temperature zone 30 increases after the 
interior of the refrigeration chamber and freezing cham- 
bers is cooled to a set temperature to cause the com- 

40 pressor 16 to be stopped, the controller 64 switches the 
three-way valve 22 to the freezing side flow passage, 
and operates the compressor in a freezing mode. This 
operation in a freezing mode will hereinafter be referred 
to as a freezing mode starting operation. 

45 [0090] This freezing mode starting operation is car- 
ried out for the purpose of maintaining the balance be- 
tween the amount of refrigerant in the R evaporator 10 
and that thereof in the F evaporator 12. Therefore, this 
operation is carried out for an arbitrary period of time 

50 only, and a cooling operation of the demanded refriger- 
ation mode is thereafter carried out. 

(7) Control method in a second embodiment: 

55 [0091] The control method in a second embodiment 
will now be described. 

[0092] The freezing mode starting operation is carried 
out so as to maintain the balance of the amounts of re- 
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frigerants in the evaporators. The length of time required 
to attain a steady state of the compressor 1 5 decreases 
tn Inverse proportion to the rotational frequency of the 
compressor. Although the refrigeration temperature 
zone 30 which made a demand requires to be cooled 
immediately, it is necessary that a switching operation 
be carried out after a predetermined amount of refriger- 
ant is stored in the F evaporator. When the rotational 
frequency of the compressor 15 is set high at the time 
of starting the same, so as to reduce the steady state 
restoration time, noise increases. 
[0093] Therefore, the rotational frequency of the com- 
pressor 1 5 is determined by a regular control operation, 
and the time for switching the actual mode to the de- 
manded R mode is determined In accordance with this 
rotational frequency of the compressor 15. 
[0094] For example, when a cooling instruction from 
the refrigeration temperature zone 30 is 30 Hz, a 
3-minute freezing mode cooling operation is carried out 
at 30 Hz, and when the cooling instruction is 50 Hz, the 
freezing mode cooling operation is carried out for 2 min- 
utes, the refrigerator being thereafter carried out by a 
regular control operation. 

(8) Control method in a third embodiment: 

[0095] The control method in a third embodiment will 
now be described. 

[0096] In order to carry out a freezing mode starting 
operation in this embodiment, the discharging of a re- 
frigerant residing in an R evaporator 1 0 can be hastened 
by operating a R fan 1 1 tor an arbitrary period of time, 
so that the time for which the refrigerant is stored in an 
F^vaporator 12 can be reduced. 
[0097] During this time, the R fan 11 is operated with 
a predetermined rotational frequency. After the complet- 
ed freezing mode cooling operation is transferred to a 
refrigeration mode cooling operation, a control opera- 
tion with a regular rotational frequency according to a 
control instruction corresponding to, for example, the ro- 
tational frequency of a compressor 15 is carried out. 

(9) Control method in a fourth embodiment: 

[0098] The control method in a fourth embodiment will 

now be described. 

[0099] In order to carry out a freezing mode starting 
operation in this embodiment, the operation of a R fan 
11 is determined in accordance with the temperature in 
an R evaporator 10. 

[0100] When a freezing mode operation is carried out 
with a large amount of refrigerant residing in the R evap- 
orator 1 0, the pressure in the R evaporator 1 0 decreas- 
es to cause the refrigerant to evaporate. During this 
time, the temperature in the R evaporator 1 0 decreases 
due to the evaporation of the refrigerant. Therefore, 
when the R fan 11 is operated, the discharging of the 
refrigerant residing in the R evaporator 10 can be has- 



tened, and, moreover, this can contribute to the cooling 
of a refrigeration temperature zone 30, 
[0101] However, when the temperature in the R evap- 
orator 10 becomes around -2°, the operation of the R 
5 fan 1 1 does not contribute to the cooling of the refriger- 
ation temperature zone 30 but rather constitutes a load 
to the interior of a refrigeration chamber due to an input 
from the R fan 11 . 

[0102] Therefore, the attainment of the temperature 
10 in the R evaporator 1 0 of, for example, -3° is utilized as 
a sign of the starting of the evaporation of the refrigerant, 
and the operation of the R fan 11 is stopped. 

(10) Control method in a fifth embodiment: 

15 

[0103] The control method in a fifth embodiment will 

now be described. 

[0104] In this embodiment, a cooling operation carried 
out with the power source energized is started from a 
^0 freezing mode. 

[0105] In an operating method during the energization 
of a power source, the chambers to be cooled are 
switched fronn one to the other at intervals of tempera- 
ture levels or time, and this method is different from a 
25 regular control method in which the interior of the refrig- 
eration chamber and freezing chambers are cooled. 
[0106] When the power source is turned off temporar- 
ily due to power failure, it is conceived that the balance 
between the temperature and pressure in the refrigera- 
te tion chamber and those in the freezing chambers is lost 
as mentioned above ^n some cases where the operation 
of the refrigerator dunng service interruption is in a cer- 
tain condition. 

[0107] Therefore, even when the power source is 
35 reenergized, the compressor 15 is restarted from a 
freezing mode, and the switching of the chambers to be 
cooled from one to the other is thereafter done by a reg- 
ular control operation. 

40 (Modified Example 1 -1 ) 

[0108] Although indirect cooling type refrigerators in 
which the cold air is sent into the refrigeration chamber 
and freezing chambers by cooling such fans as are used 
^5 in the above-described embodiments, direct cooling 
type refrigerators In which evaporators are provided on 
wall surfaces may be used instead. 

(Modified Example 1-2) 

50 

[0109] Although a noninflammable refrigerant Is used 
in the above-described embodiments, an inflammable 
refrigerant (HC refrigerant) can also be used instead. 
The reason resides in that an inflammable refrigerant 
55 can also be used safely since the amount of refrigerant 
can be set small in the above-described embodiments. 
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<Second embodiment> 

[01 10] A second embodiment of the present invention 
will now be described in detail with reference to the 
drawings. 

[0111] First, a regular inside-chamber temperature 

control operation in a refrigerator in this embodiment will 
be described with reference to Figs. 1 and 2. 
[0112] A high-temperature refrigerant compressed 
and pressurized in a compressor 1 5 is subjected to heat 
radiation in an evaporator21 , and the refrigerant coming 
out from the evaporator enters a three-way valve 22. 
[0113] When an inside-chamber temperature in a re- 
frigeration temperature zone 30 becomes higher than a 
set level, a cooling operation of a refrigeration mode is 
carried out. 

[0114] In this refrigeration mode, the three-way valve 
22 is shifted to make the refrigerant flow into a refriger- 
ation capillary tube 23. The resultant refrigerant is evap- 
orated in an R evaporator 1 0, and the refrigeration tem- 
perature zone 30 is cooled with the resultant refrigerant. 
The evaporated and gasified refrigerant returns to the 
compressor 1 5. Since the temperature in an F evapora- 
tor 12 is lower than an evaporation temperature in the 
refrigeration mode, a check valve 1 7 is provided in a flow 
passage on the side of the F evaporator 12 so as to pre- 
vent the refrigerant from flowing into the F evaporator 
12 and being re-condensed. . 

[0115] When the temperature in a freezing chamber 
of the freezing temperature zone 40 becomes higher 
than a set level, a freezing mode cooling operation is 
carried out. 

[0116] In the freezing mode, the refrigerant flow pas- 
sage is shifted so that the refrigerant flows into a freez- 
ing capillary tube 24, by shifting the three-way valve 22. 
The refrigerant is evaporated in the F evaporator 12, and 
the evaporated refrigerant returns to the compressor 15 
through an accumulator 16 and a check valve 17. 
[0117] These evaporators 10, 12 are formed of heat 
exchangers in which the refrigerant is subjected to heat 
exchange with the air by forcible convection. Therefore, 
simultaneously with the shifting of the refrigerant flow 
passage, the R fan 11 and freezing fan 13 are operated 
when the cooling operation of the refrigeration mode 
and the cooling operation of the freezing mode are car- 
ried out respectively, the interior of the refrigeration 
chamber and freezing chamber being thereby cooled. 
[01 18] A control operation starting from a non-cooling 
condition like a condition in which a power source starts 
being energized will now be described. 
[0119] Fig. 8 shows variation of the temperatures in 
the refrigeration chamber and freezing chambers re- 
corded when a cooling operation is started from a con- 
dition In which the interior of these chambers is not 
cooled. 

[0120] In this embodiment, it is assumed that initial 
values of the temperatures in the interior of both the re- 
frigeration chamber of the refrigeration temperature 



zone 30 and freezing chamber of the freezing tempera- 
ture zone 40 are 30°C, and that a final target refrigera- 
tion temperature and a final target freezing temperature 
in the refrigeration temperature zone 30 and freezing 

5 temperature zone 40 are 3°C and -20**C respectively. 
[0121] In a first step, 15**C which causes the temper- 
ature in the freezing temperature zone 40 to decrease 
from 30''C by 15 K is set as a first freezing target tem- 
perature, and a freezing mode cooling operation is car- 

10 ried out as the F fan 1 3 is operated. 

[0122] When the freezing temperature zone 40 at- 
tains the first target temperature of IS^'C, the freezing 
mode is switched as a second step to a refrigeration 
mode for cooling the refrigeration temperature zone 30. 

15 [0123] In the second step, 20°C which causes the 
temperature in the refrigeration temperature zone 30 to 
decrease from 30*^0 by 1 0 K is set as a first target re- 
frigeration temperature. The R fan 1 1 Is operated in the 
same manner as in the case where the freezing temper- 

20 ature zone 40 is cooled. 

[0124] The freezing temperature zone 40 and refrig- 
eration temperature zone 30 are thereafter cooled with 
the target temperatures therein reduced by 1 5 K and 1 0 
K respectively. 

25 [0125] The reducing of the temperatures in these 
steps can be changed in accordance with the tempera- 
ture of the outside air and final target temperatures. It is 
also possible to change the number of the steps and the 
target temperatures in the changed steps. 

so [0126] When the target temperatures are thus set in 
a stepped manner, both the refrigeration temperature 
zone 30 and freezing temperature zone 40 can be 
cooled speedily. 



[0127] This control operation can also be carried out 
by fixing a control pattern to a predetermined pattern 
based on an initial temperature (for example, 35° C) as- 
"^0 sumed when a compressor 1 5 is started practically from 
a non-cooling condition of the refrigerator. 

<Third embodiment> 

^5 [0128] A control operation from a non-cooling condi- 
tion in a third embodiment will now be described on the 
basis of Fig. 9. 

[0129] In the control operation from a non-cooling 
condition in the second embodiment, the switching of a 
50 mode to the other was done on the basis of the target 
temperatures. In the third embodiment, a freezing mode 
and a refrigeration mode are switched to each other on 
the basis of the time as shown in Fig. 11 . 
[0130] A cooling operation of a freezing mode (called 
55 a F mode in the drawing) is carried out from an instant 
0 to an instant t1 , and a cooling operation of a refriger- 
ation mode (called a R mode in the drawing) from the 
following period of time from the instant t1 to an instant 



35 (Modified Example 2-1) 
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t2. The refrigeration temperature zone 30 and freezing 
temperature zone 40 are thereafter cooled alternately 
by repeatedly carrying out the freezing mode and refrig- 
eration mode cooling operations repeatedly. These tem- 
perature zones are thus cooled to the final target tem- 
peratures. 

[01 31 ] When the cooling time is thus set in a stepped 
manner, both the refrigeration temperature zone 30 and 
freezing temperature zone 40 can be rapidly cooled. 

(Modified Example 3-1) 

[0132] This embodiment can also be carried out by 
fixing a control pattern to a pattern starting from an initial 
temperature (for example, 35**C) assumed when a com- 
pressor is started practically from a non-cooling condi- 
tio n of the refrigerator, in the same manner as the control 
operation from a non-cooling condition In the second 
embodiment. 

(Modified Example 3-2) 

[01 33] A control operation of a combination of this em- 
bodiment and the second embodiment may be carried 
out. 

[0134] To be exact, an initial freezing mode cooling 
operation is carried out until the temperature decreases 
by 15 K or until the time t1 elapses, and a refrigeration 
mode cooling operation is thereafter carried out. 

<Fourth embodiment> 

[0135] A control operation starting from a non-cooling 
condition In the fourth embodiment will now be de- 
scribed on the basis of Fig, 1 0. 

[0136] First, the circumstances, i.e., problems which 
necessitate carrying out this embodiment will be pointed 
out. 

[0137] In a stage (initial stage) in which the tempera- 
tures in the chambers to be cooled are high^ the refrig- 
erant evaporation temperatures and pressures in evap- 
orators become high. When the evaporation tempera- 
tures and pressures become high, a suction refrigerant 
density in a compressor 15 becomes high, so that a re- 
frigerant circulation rate becomes high. 
[0138] Therefore, a required heat radiation rate In a 
condenser 21 also becomes high. When the heat radi- 
ation rate in the condenser 21 is not sufficiently high, a 
condensation temperature and a condensation pres- 
sure become high. Consequently, a load on the com- 
pressor 15 becomes large, and a large current flows. 
When the condenser 21 is buried in a refrigerator body 
1 , there is the possibility that a user touching the con- 
denser feels hot. 

[0139] Therefore, the control operation in this embod- 
iment is carried out. 

[0140] In the case of an indirect cooling type refriger- 
ator in which cold air is made to flow by a cooling fan (a 



R fan 11 or a F fan 1 3), an Increase in the condensation 
temperature and pressure can be avoided by reducing 
a rotational frequency of the cooling fan, a heat ex- 
change rate in an evaporator (an R evaporator 10 or an 
5 F evaporator 1 2) and a refrigerant evaporation temper- 
ature, and restricting an increase in a refrigerant circu- 
lation rate. 

[0141] A required heat radiation rate is also high. 
Therefore, when the condenser 21 is cooled by a C fan 

^0 25, it is effective to increase the heat radiation capacity 
by heightening the rotational frequency thereof. 
[0142] When the temperature in the chamber to be 
cooled becomes low, the refrigerant evaporation tem- 
perature also becomes low. Accordingly, the refrigerant 

15 circulation rate also becomes low, so that it becomes 
possible to increase the rotational frequency of the cool- 
ing fan. 

(Modified Example 4-1) 

20 

[0143] In the second and third modes of embodiment, 
the cooling operations are controlled in a stepped man- 
ner on the basis of the temperature in the chamber to 
be cooled, and on the basis of the time respectively. 
25 Therefore, It is possible to set in advance the rotational 
frequency of the R fan 11 or F fan 13 in each step as 
shown in Fig. 10. 

<Fifth embodlment> 

30 

[0144] A control operation started from a non-cooling 
condition in the fifth embodiment will now be described. 
[0145] This embodiment shows a case where the ca- 
pacity of a compressor 1 5 can be changed, for example, 
35 a case where the capacity of the compressor 1 5 can be 
increased or decreased by changing the rotational fre- 
quency of a motor by an inverter. 
[0146] When the temperature in a chamber to be 
cooled is high just as in the control operation starting 
40 from the non-cooling condition in the fourth embodi- 
ment, a cooling operation can be carried out without im- 
parting a load to a refrigerating cycle, by lowering the 
capacity of the compressor 15 and thereby reducing a 
refrigerant circulation rate. 

45 

(Modified Example 5-1) 

[0147] The cooling operation can also be carried out 
by combining as described in the fourth embodiment the 
50 controlling of the rotational frequency of the cooling fan 
and that of the capacity of the compressor 1 5 with each 
other. 

<Sixth embodiment> 

55 

[0148] A control operation starting from anon-cooling 
condition in a sixth embodiment will now be described 
on the basis of Fig. 11 . 
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[01 49] In the second and third modes of embodiment, 

the cooling of the refrigeration temperature zone 30 and 
freezing temperature zone 40 was done alternately from 
a non-cooling condition in which the power source was 
energized, in accordance with a predetermined control 
pattern. 

[0150] When the temperature in a chamber to be 
cooled becomes not higher than a predetermined level, 
for example, when the temperature in a refrigeration 
temperature zone 30 or a freezing temperature zone 40 
reaches an upper limit level in a range, which has a pre- 
determined width, of set temperatures in the sixth em- 
bodiment, a target temperature, which a user set, in an 
object chamber can be attained smoothly by switching 
a control operation to the above-mentioned regular in- 
side-chamber temperature control operation. 
[0151] For example, referring to Fig. 11 , the temper- 
ature in the freezing temperature zone 40 reaches at a 
point of an arrow a set upper limit level of -18''C. 
[0152] Therefore, at this point in time, the control op- 
eration can be switched to a regular inside-chamber 
temperature control operation. 

<Seventh embodiment> 

[0153] When the temperature in a chamber to be 
cooled is low at the time of energization of a power 
source, orwhen the temperature of the outside air is low, 
in a control operation starting from a non-cooling condi- 
tion in the second to fifth modes of embodiment, the con- 
densation temperature does not become high even 
though a regular inside-chamber temperature control 
operation is carried out. 

[0154] Therefore, in the seventh embodiment, the 

cooling of an object chamber is done by such a control 
operation starting from the non-cooling condition as 
those in the second to fifth modes of embodiment only 
when the temperatures in both of the chambers of a re- 
frigeration temperature zone 30 and a freezing temper- 
ature zone 40 are higher than set levels. 

<Eighth embodiment> 

[01 55] A control operation starting from a non-cooling 
condition in the eighth embodiment will now be de- 
scribed. 

[0156] When the temperature in an R evaporator 10 
is lower than a refrigerant evaporation temperature in 
an F evaporator 12 in a freezing mode, a refrigerant 
coming out from the F evaporator 12 flows Into the R 
evaporator 10, and is re-condensed. The refrigerant in 
a freezing cycle gathers in the R evaporator 10, and a 
shortage of refrigerant occurs. 

[01 57] In general, the temperature in the freezing tem- 
perature zone 40 is lower than that in the refrigeration 
temperature zone 30, and a problem does not arise. 
However, when the inside-chamber temperatures in 
both the refrigeration temperature zone 30 and freezing 



temperature zone 40 are high just as those at the time 
of energization of a power source, the temperature in 
the refrigeration temperature zone 30 becomes lower 
than that in the freezing temperature zone in some cas- 
5 as. 

[0158] Therefore, in this embodiment, the cooling of 
the refrigeration temperature zone 30 finishes in the 
condition in which the temperature in the freezing tem- 
perature zone 40 (refrigerant evaporation temperature 
10 in an R evaporator 1 0 to be exact) is higher than that In 
an F evaporator 12. 

[0159] In a structure in which a reverse flow of refrig- 
erant does not occur, i.e., in a structure having a check 
valve at an outlet of the R evaporator 10 as well, or a 
15 three-way valve in a portion at which a pipe extending 
from the R evaporator 1 0 and a pipe extending from the 
freezing temperature zone 40 meet each other, or a 
structure using two two-way valves, it is unnecessary to 
carry out such acontrol operation as in this embodiment. 

20 

<Ninth embodiment> 

[0160] A control operation starting from a non-cooling 
condition in a ninth embodiment will now be described. 

25 [0161] When such refrigerators as in the second to 
eighth modes of embodiment in which a control opera- 
tion starting from a non-cooling condition is practiced 
has a rapid freezing function, the interior of a chamber 
to be cooled is not sufficiently cooled during the practic- 

30 ing of these control operations. Therefore, a rapid cool- 
ing operation cannot be carried out. 
[0162] Therefore, in a control operation starting from 
a non-cooling condition in the ninth embodiment, a de- 
mand made by a user Is accepted but the practicing of 

35 a control operation for carrying out a rapid freezing of 
an object chamber is not done. Such a control operation 
is carried out in a stage in which the interior of the object 
chamber is cooled to a temperature lower than a prede- 
termined level with a principal control operation finished. 

40 

<Tenth ©mbodiment> 

[0163] Each of the above modes of embodiment is di- 
rected to an indirect cooling type refrigerator in which 
45 cold air is sent by cooling fans to the interior of chambers 
to be cooled. Each of these embodiments may also be 
directed to a direct cooling type refrigerator provided 
with evaporators on wall surfaces in the interior of the 
evaporators 

50 

<Eleventh embodiment> 

[0164] Although a nonlnflammable refrigerant is used 
in each of the above modes of embodiments, an inflam- 
55 mable refrigerant (HC refrigerant) can also be used In- 
stead. 

Since the amount of refrigerant can be set small in each 
of the above modes of embodiments, even an inflam- 
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mable refrigerant can be used safely. 

[0165] According to the inventions set forth in Claim 

1 and Claim 8, the starting of a compressor from a stop- 
ping condition thereof is done in a freezing mode irre- 
spective of whether a demand Is made by the freezing 
chamber or the refrigeration chamber. Therefore, even 
when the balance between the amount of refrigerant in 
the refrigeration chamber and that thereof in the freezing 
chamber is lost due to the reversion of the temperatures 
in these chambers or a decrease in a difference be- 
tween thq temperatures in these chambers ascribed to 
the irrflow of a high-temperature refrigerant, a back flow 
of refrigerant in the form of a liquid can be avoided. Also, 
a predetermined amount of refrigerant can be stored in 
the F evaporator, and an efficient altemate cooling of 
the two chambers can be done with a substantially prop- 
er balance of the amounts of refngerant therein main- 
tained. 

[0166] According to the inventions set forth in Claim 

2 and Claim 9, when the compressor is started by a de- 
mand made by the refrigeration chamber, a cooling op- 
eration in a freezing mode is carried out for a predeter- 
mined period of time, and this mode is then switched to 
a refrigeration mode. Therefore, the refrigeration cham- 
ber which made a demand can be cooled in a minimum 
period of time in which the balance of the amounts of 
refrigerant is substantially maintained, so that an in- 
crease In the range of temperature variation In the re- 
frigeration chamber can be minimized. 

[0167] According to the inventions set forth In Claim 

3 and Claim 1 0, a predetemnined period of time tor car- 
rying out a freezing mode cooling operation is set short 
when the rotational frequency of the compressor is high, 
ancHong when the rotational frequency thereof is low. 
This enables the controlling of Ihe rotational frequency 
of the compressor to be done in the same manner as In 
a regular case, and the balance between the amount of 
refrigerant in the R evaporator and that thereof in the F 
evaporator to be maintained properly by an easy control 
operation . 

[0168] According to the inventions as set forth in 
Claim 4 and Claim 11 , when the compressor is started 
by a demand made by the refrigeration chamber, the R 
fan is operated for a predetermined period of time. 
Therefore, a more than necessary amount of refrigerant 
stored in the R evaporator can be transferred to the 
freezing chamber speedily and the time during which 
the actual mode is switched to a refrigeration mode in 
which the execution of a cooling operation was demand- 
ed can be reduced. This enables an increase in the tem- 
perature in the refrigeration chamber to be held down. 
[0169] According to the inventions as set forth in 
Claim 5 and Claim 12, the time during which the R fan 
is operated is set synchronous with the predetermined 
period of time during which a freezing mode cooling op- 
eration is carried out, so that the time for transferring the 
actual cooling operation to a demanded refrigeration 
room cooling operation can be reduced by a simple con- 



trol operation. 

[0170] According to the inventions as set forth in 
Claim 6 and Claim 13, the time during which the R fan 
is operated is determined in accordance with the tem- 

5 perature detected by the temperature sensor adapted 
to detect the temperature in the R evaporator. There- 
fore, an increase in a load due to the excessive opera- 
tion of the cooling fan can be held down, and the reduc- 
tion of the time for transferring the actual mode to the 

10 demanded refrigeration mode can be effected by a sim- 
ple control operation. Moreover, the balance between 
the amount of refrigerant in the R evaporator and that 
thereof in the F evaporator can be maintained reliably, 
and a stable operation for cooling a shifted chamber can 

^5 be carried out. 



Claims 

A refrigerator having a refrigerating cycle including 
a compressor, a condenser and a change-over 
valve which are connected in order, and an evapo- 
rator in a refrigeration chamber and an evaporator 
in a freezing chamber which are parallel-connected 
to the changeover valve via respective restriction 
mechanisms, 

the evaporators being provided therein with a 
fan for cooling the refrigeration chamber and a 
fan for cooling the freezing chamber which are 
adapted to circulate cold air in the respective 
chambers, 

the refrigerator being capable of alternately tak- 
ing a refrigeration mode for cooling the refrig- 
eration chamber and a freezing mode for cool- 
ing the freezing chamber, by alternately switch- 
ing the connection of a refrigerant flow passage 
to the evaporator in the refrigeration chamber 
to the connection thereof to the evaporator in 
the freezing chamber, by switching the connec- 
tion of a refrigerant flow passage to the evapo- 
rator in the refrigeration chamber and the con- 
nection thereof to the evaporator in the freezing 
chamber from one to the other alternately, 
characterized In that: 

a controller of the refrigerator is adapted to car- 
ry out a freezing mode starting operation for 
starting the refrigerator from a freezing mode 
after a difference between a temperature in the 
refrigeration chamber and that in the freezing 
chamber decreases to a level lower than a set 
level to cause the compressor to be stopped or 
after a defrosting operation is carried out. 

55 2. The refrigerator according to Claim 1 , wherein the 
controller is adapted to switch the freezing mode to 
a refrigeration mode when the compressor is start- 
ed in accordance with a demand for a refrigeration 
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mode cooling operation, after the chamber cooling 

operation is carried out tor a predetermined period 
of time by a freezing mode starting operation. 

The refrigerator according to Claim 2, wherein the 
controller is adapted to set the time during which 
the freezing mode chamber cooling operation is 
carried out to such a level that decreases in inverse 
proportion to a rotational frequency of the compres- 
sor. 

The refrigerator according to any one of the preced- 
ing claims, wherein the controller is adapted to op- 
erate the cooling fan in the refrigerator chamber for 
a predetermined period of time during a freezing 
mode starting operation when the compressor is 
started in accordance with a demand for a refriger- 
ation mode cooling operation. 

The refrigerator according to Claim 4. wherein the 
controller is adapted to set the time during which 
the cooling fan in the refrigeration chamber Is oper- 
ated synchronous with that during which a freezing 
mode starting operation is carried out. 

The refrigerator according to claim 4 or 5, wherein 
the controller is adapted to stop the operation of the 
cooling fan in the refrigeration chamber when a tem- 
perature detected by a sensor for detecting a tem- 
perature in the evaporator in the refrigeration cham- 
ber increases to a predetennlned level. 

A method of controlling a refrigerator having a re- 
frigerating cycle Including a compressor, a con- 
denser and a change-over valve which are connect- 
ed in order, an evaporator in a refrigeration chamber 
and an evaporator in a freezing chamber which are 
parallel-connected to the change-over valve via re- 
spective restriction mechanisms, 

the evaporators being provided therein with a 
fan for cooling the refrigeration chamber and 
fan for cooling the freezing chamber which are 
adapted to circulate cold air in the respective 

chambers, 

the refrigerator being capable of alternately tak- 
ing a refrigeration mode for cooling the refrig- 
eration chamber and a freezing mode for cool- 
ing the freezing chamber, by switching the con- 
nection of a refrigerant flow passage to the 
evaporator in the refrigeration chamber and the 
connection thereof to the evaporator in the 
freezing chamber from one to the other alter- 
nately, characterized in that: 
the method includes the step of carrying out a 
freezing mode starting operation for starting the 
refrigerator from a freezing mode after a differ- 
ence between a temperature in the refrigeration 



chamber and that in the freezing chamber de- 
creases to a level lower than a set level to cause 
the compressor to be stopped or after a defrost- 
ing operation is carried out. 

5 

8. The method of controlling a refrigerator according 
to claim 7, wherein the freezing mode is switched 
to a refrigeration mode when the compressor is 
started in accordance with a demand for a refriger- 

10 ation mode cooling operation, after the chamber 
cooling operation is carried out for a predetermined 
period of time by a freezing mode starting operation . 

9. The method of controlling a refrigerator according 
15 to claim 8, wherein the time during which the freez- 
ing mode chamber cooling operation is carried out 

is set to such a level that decreases in inverse pro- 
portion to a rotational frequency of the compressor. 

20 10. The method of controlling a refrigerator according 
to any one of claims 7 to 9, wherein the cooling fan 
in the refrigeration chamber is operated for a pre- 
determined period of time during a freezing mode 
starting operation when the compressor is started 

25 in accordance with a demand for a freezing mode 
cooling operation. 



11. The method of controlling a refngerator according 
to Claim 10, wherein the time during which the cool- 

30 ing fan in the refrigeration chamber is operated is 
set synchronous with that during which a freezing 
mode starting operation is carried out. 

12. The method of controlling a refrigerator according 
35 lo claim 1 0 or 11 , wherein the operation of the cool- 
ing fan in the refrigeration chamber is stopped when 
a temperature detected by a sensor adapted to de- 
tect the temperature in the evaporator in the refrig- 
eration chamber increases to a predetermined lev- 

40 el. 

13. A refrigerator having a refrigerating cycle including: 

a compressor, a condenser and a change-over 
45 valve which are connected in order, 

an evaporator in a refrigeration chamber a^io 
an evaporator in a freezing chamber which are 
parallel-connected to the change-over valve 
via respective restriction mechanisms, and 
50 fan for cooling the refrigeration chamber and a 

fan for cooling the freezing chamber which are 
provided in these evaporators and adapted to 
circulate cold air in the respective chambers, 
the refrigerator being adapted to alternately 
55 take a refrigeration mode for cooling the refrig- 

eration chamber and a freezing mode for cool- 
ing the freezing chamber, by switching the con- 
nection of a refrigerant flow passage to the 
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evaporator In the refrigeration chamber and the 
connection thereof to the evaporator in the 
freezing chamber from one to the other alter- 
nately, characterized in that: 
a controller of the refrigerator Is adapted to car- 
ry out a freezing mode cooling operation at the 
time ol energization of a power source, and 
thereafter switch the freezing mode and a re- 
frigeration mode from one to the other alter- 
nately every time the temperatures in the freez- 
ing chamber and refrigeration chamber de- 
crease by predetermined levels, and 
a control operation in this case is carried out 
from a non-cooling condition which is finished 
with the temperature in the refrigeration cham- 
ber higher than that in the freezing chamber 

14. A refrigerator having a refrigerating cycle including: 

a compressor, a condenser and a change-over 
valve which are connected in order, 
an evaporator in a refrigeration chamber and 
an evaporator in a freezing chamber which are 
parallel-connected to the change-over valve 
via respective restriction mechanisms, and 
a fan for cooling the refrigeration chamber and 
a fan for cooling the freezing chamber which 
are provided in these evaporators and adapted 
to circulate cold air in the respective chambers, 
the refrigerator being adapted to alternately 
take a refrigeration mode for cooling the refrig- 
eration chamber and a freezing mode for cool- 
ing the freezing chamber, by switching the con- 
nection of a refrigerant flow passage to the 
evaporator in the refrigeration chamber and the 
connection thereof to the evaporator in the 
freezing chamber from one to the other alter- 
nately, characterized in that: 
a controller of the refrigerator is adapted to car- 
ry out a freezing mode cooling operation at the 
time of energization of a power source, and 
thereafter switch the freezing mode and a re- 
frigeration mode from one to the other alter- 
nately every time a predetemnined period of 
time elapses, and 

a control operation in this case is carried out 
from a non-cooling condition which is finished 
with the temperature In the refrigeration cham- 
ber higher than that in the freezing chamber 

15. A refrigerator according to claims 13 and 14, where- 
in the controller is adapted to rotate when the fan 
for cooling the refrigeration chamber and the fan for 
cooling the freezing chamber are provided, the fan 
for cooling the refrigeration chamber or the fan for 
cooling the freezing chamber with a low rotational 
frequency when a difference between an actual 
temperature in the refrigeration chamber and a final 



target temperature therein is large, or when a differ- 
ence between an actual temperature In the freezing 
chamber and a final target temperature therein is 
large. 

5 

16. A refrigerator according to any one of claims 13 to 

15, wherein the controller is adapted to rotate, when 
condenser radiation fans are provided, the con- 
denser radiation fans with an Increased rotational 

^0 frequency or a maximum rotational frequency when 
a difference between an actual temperature in the 
refrigeration chamber and a final target temperature 
therein is large, or when a difference between an 
actual temperature In the freezing chamber and a 

15 final target temperature therein is large. 

17. A refrigerator according to £ny one of claims 13 to 

16, wherein, when the capacity of the compressor 
can be varied, the controller is adapted to reduce 

^0 the capacity of the compressor when a difference 
between an actual temperature in the refrigeration 
chamber and a maximum target temperature there- 
in Is large, or when a difference between an actual 
temperature in the freezing chamber and a maxi- 

^5 mum target temperature therein is large. 

18. A refrigerator according to any one of claims 13 to 

17, wherein the controller is adapted to switch at a 
point in time at which the temperature in the refrig- 

30 eratlon chamber or that In the freezing chamber be- 
comes not higher than a predetermined level, the 
control operation carried out from a non-cooling 
condition to regular alternate control operations. 

35 19. A refrigerator according to any one of claims 13 to 

1 8, wherein the controller is adapted not to carry out 
when the temperature in the refrigeration chamber 
or the temperature in the freezing chamber is lower 
than a predetermined level, or when the tempera- 

40 ture of the outside air is lower than a predetermined 
level, the control operation to be executed from the 
non-cooling condition. 

20. A refrigerator according to any one of claims 13 to 
^5 19^ wherein the controller is adapted not to carry out 

an ice making operation, a defrosting operation and 
a rapid cooling operation during the control opera- 
tion executed from the non-cooling condition, but to 
carry out the same operations after the control op- 
50 eration executed from the non-cooling condition is 
switched to the regular alternate cooling operations. 

21 . A refrigerator according to any one of claims 1 to 6 

or 13 to 20, wherein a refrigerant used for the re- 
55 frigerating cycle is an inflammable refrigerant. 

22. A method of controlling a refrigerator having a re- 
frigerating cycle including: 
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a compressor, a condenser and a change-over 
valve which are connected in order, 
an evaporator in a refrigeration chamber and 
an evaporator in a freezing chamber which are 
parallel-connected to the change-over valve 5 
via respective restriction mechanisms, and 
a fan for cooling the refrigeration chamber and 
a fan for cooling the freezing chamber which 
are provided in these evaporators and adapted 
to circulate cold air in the respective chambers, io 
the refrigerator being adapted to alternately 
take a refrigeration mode for cooling the refrig- 
eration chamber and a freezing mode for cool- 
ing the freezing chamber, by switching the con- 
nection of a refrigerant flow passage to the ^5 
evaporator in the refrigeration chamber and the 
connection thereof to the evaporator in the 
freezing chamber from one to the other alter- 
nately, characterized in that: 
the method comprises the steps of carrying out 20 
a freezing mode cooling operation at the time 
of energization of a power source, and thereaf- 
ter switching the freezing mode and a refriger- 
ation mode from one to the ot-her alternately 
every time the temperatures in the freezing 25 
chamber and refrigeration chamber decrease 
by predetermined levels, 
a control operation in this case being carried 
out from a non-cooling condition which is fin- 
ished with the temperature in the refrigeration 30 
chamber higher than that in the freezing cham- 
ber. 



ter switching the freezing mode and refrigera- 
tion mode from one to the other alternately eve- 
ry time a predetermined period of time elapses, 
a control operation In this case being carried 
out from a non-cooling condition which is fin- 
ished with the temperature in the refrigeration 
chamber higher than that in the freezing cham- 
ber. 

24. A method of controlling a refrigerator according to 
Claim 22 and Claim 23 , wherein, when a fan for 
cooling the refrigeration chamber and a fan for cool- 
ing the freezing chamber are provided, the fan for 
cooling the refrigeration chamber or the fan for cool- 
ing the freezing chamber is rotated with a low rota- 
tional frequency when a difference between an ac- 
tual temperature in the refrigeration chamber and a 
final target temperature therein is large, or when a 
difference between an actual temperature in the 
freezing chamber and a final target temperature 
therein is large. 

25. A method of controlling a refrigerator according to 
any one of claims 22 to 24, wherein, when cona^r s 
er radiation fans are provided, the condeponr rf : 
ation fans are rotated with an increased rorgt=cnal 
frequency or a maximum rotational frequency when 
a difference between an actual temperature in the 
refrigeration chamber and a final target temperature 
therein is large, or when a difference between an 
actual temperature in the freezing chamber and a 
final target temperature therein is large. 



23. A method of controlling a refrigerator having a re- 
frigerating cycle including: ^5 

a compressor, a condenser and a change-over 
valve which are connected in order, 
an evaporator in a refrigeration chamber and 
an evaporator in a freezing chamber which are 40 
parallel-connected to the change-over valve 
via respective restriction mechanisms, and 
a fan for cooling the refrigeration chamber and 
a fan for cooling the freezing chamber which 
are provided in these evaporators and adapted 45 
to circulate cold air in the respective chambers, 
the refrigerator being adapted to alternately 
take a refrigeration mode for cooling the refrig- 
eration chamber and a freezing mode for cool- 
ing the freezing chamber, by switching the con- 50 
nection of a refrigerant flow passage to the 
evaporator In the refrigeration chamber and the 
connection thereof to the evaporator in the 
freezing chamber from one to the other alter- 
nately, characterized in that: 55 
the method comprises the steps of carrying out 
a freezing mode cooling operation at the time 
of energization of a power source, and thereaf- 



26. A method of controlling a refrigerator according to 
any one of claims 22 to 25, wherein, when the ca- 
pacity of the compressor can be varied, the capacity 
of the compressor is reduced when a difference be- 
tween an actual temperature in the refrigeration 
chamber and a maximum target temperature there- 
in is large, or when a difference between an actual 
temperature in the freezing chamber and a maxi- 
mum target temperature therein is large. 

27. A method of controlling a refrigerator according to 

an one of claims 22 to 26, wherein the control op- 
eration carried out from a non-cooling condition is 
switched to regular alternate control operations at 
a point in time at which the temperature in the re- 
frigeration chamber or that in the freezing chamber 
becomes not higher than a predetermined level. 

28. A method of controlling a refrigerator according to 
any one of claims 22 to 27, wherein the control op- 
eration to be executed from the non-cooling condi- 
tion is not carried out when the temperature in the 
refrigeration chamber or the temperature in the 
freezing chamber is lower than a predetermined 
level, or when the temperature of the outside air is 
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lower than a predetermined level. 

29. A method of controlling a refrigerator according to 
any one of claims 22 to 28, wherein an ice making 
operation, a defrosting operation and a rapid cool- s 
ing operation are not carried out during the control 
operation executed from the non-cooling condition 
but carried out after the control operation executed 
from the non-cooling condition is switched to the 
regular alternate cooling operations. io 

30. A method of controlling a refrigerator according to 
any one of claims 7 to 12 or 22 to 29, wherein the 
refrigerator used for the freezing cycle is an inflam- 
mable refrigerator 15 
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(54) Refrigerator and method of controlling the same 

(57) The present invention provides a refrigerator 
adapted to carry out the cooling of a refrigeration cham- 
ber (4) and freezing chambers (6.7) efficiently with a 
proper amount of refrigerant as the balance between the 
amount of refrigerant in an R evaporator (10) and that 
thereof in an F evaporator (12) is maintained. In this re- 
frigerator, a compressor (15), a condenser (21) and a 
change-over valve (22) are connected in order and the 
R evaporator (10) and F ovaporator (12) are parallel- 
connected to this change-over valve (22) via respective 
restriction mechanisms (23,24). The evaporators 
(10,12) are provided therein with a fan (11) for cooling 
the refrigeration chamber (4) and a fan (13) for cooling 
the freezing chamber (6,7) respectively for circulating 
cold air in the corresponding chambers. A refrigeration 
mode cooling operation for the refrigeration chamber (4) 
and a freezing mode cooling operation for the freezing 
chambers (6,7) are carried out alternately by switching 
the connection of a refrigerant flow passage to the evap- 
orator in one sioe chamber and the connection thereof 
to the evaporator in the other side chambers from one 
to the other alternately by the change-over valve (22). 
A freezing mode starting operation for starting the re- 
frigerator from a freezing mode is carried out after the 
temperatures in the refrigeration chamber (4) and freez- 
ing chambers (6,7) decreases to a level lower than a set 
level to cause the compressor (1 5) to be stopped, or af- 
ter a defrosting operation is carried out. 
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